Introduction
Extensive and widespread forest fires swept through Kalimantan and Sumatra, Indonesia, in 1997 [Levine, 1999; Thomas et al., 1998 ]. The fires were initially associated with routine biomass burning ,for land clearing and agricultural purposes. However, they soon got out of control and spread over large regions because of severe drought conditions related to E1 Nifio. Levine [1999] estimates that some 45,600 1996]. It plays an impo•ant role in the energy budget of the atmosphere. Changes in tropospheric ozone can alter the radiative forcing of the troposphere-surface system. Increases of ozone, especially in the upper troposphere, can induce a positive forcing (warming) and an increase of surface temperature [•ang et al., 1993; Mohnen et al., 1995] . In this study, we repo• and investigate two cases of abnormal ozone enhancements over Hong Kong related to the Indonesian forest fire in 1997. We present a prelimina• estimation the impact of such ozone enhancements had on tropospheric radiative forcing and surface temperature changes.
when we compare these ozone profiles to the averaged monthly ozone profiles from 1993 to 1998. The maximum average ozone concentrations in the troposphere in these 2 months were usually lower than 60 and 65 ppbv, respectively (Figure lb). The ozone enhancements are significant in the upper troposphere.
The ozone enhancements in our cases were accompanied by abnormally high RH values from the middle to upper troposphere when compared to the average RH profile ( Figure  1 ). Such relatively high RH suggests that the ozone-rich air masses were not from the stratosphere. This is because the air mass from the stratosphere in recent history is usually dry with low RH [Johnson and Viezee, 1981] . Chan et al. [1998a] , and Newell et al. [1997] report that the high water vapor air masses observed in the middle to upper troposphere over Hong Kong are originated in the tropical region. Chan et al. [2000] finds that the high relative humidity air masses with ozone enhancements were from the Indo-Burma region of the tropical SE Asian continent. Table 1 summarizes the integrated tropospheric ozone column (TOC) for the two cases calculated from the surface to the first tropopause. Table 1 
Fire and Smoke Detection
We used satellite images from the NOAA advanced very high resolution radiometer to detect and quantify the fires and smoke in the region for the periods of interest. The fire and smoke detection methods are described by Christopher et al.
[1998]. Satellite images were available on October 7, 12, 13, and 14, November 25, 27, 28, 29 and 30, and December 1. A total of 2600 fires were detected during the periods from October 7 to 14, 1997. More than 700 fires were detected from November 25 to December 1, 1997. Active fires were found in the region of Sumatra. Some hot spots were also found in the Malaysia peninsula and Indo-China regions of the SE Asian subcontinent. Enhanced smoke was widespread over the whole of SE Asia. It extended farther to the subtropical region of south China.
The total relevant numbers of smoke pixels-were 1,760,000 and 1,010,000 for the 10 days before October 16 and December 3, 1997, respectively. Plate 2a shows the smoke plots for the October 7 and 12, which were 9 and 4 days respectively, before the measurement of the ozone enhancement in October case. Plate 2b shows the smoke plots for November 28 and 30, which were 5 and 3 days before the December case. On October 7 and 12, 260,000 and 660,000 smoke pixels were detected. On November 28 and 30, 199,000 and 355,000 smoke pixels were detected. We noted that while most hot spots were found in the Sumatra region, extensive smoke pixels were also found downwind over the Malaysia peninsula, the SE Asian subcontinent, and the South China Sea. Plate 3 presents the AVHRR image captured on October 14, 1997. The locations of the fires are indicated by the red dots. A total of 1400 fires was detected in this image. The widespread smoke outflow to the subtropical region is clearly indicated by the yellowish color near the Sumatra, Kalimantan, and Malaysian regions. It is less distinguishable over the South China Sea. This was partly due to the fact that many areas were covered by cloud (Plate 3), which made the detection difficult.
Smoke formed during biomass burning is considered to be a good tracer of the associated pollutant emissions and their movements in the troposphere. Tsutsurni et al. [1999] The enhancements of these chemical ozone precursors may eventually lead to an elevated photochemical ozone production and ozone buildup in the troposphere during transport of the biomass plume. The net photochemical production of ozone in the troposphere involving its precursors (CH4, CO, and hydrocarbons) requires only trace amount of NOx as a catalyst. Given enough precursors in the biomass plume, the photochemical ozone production and buildup may follow the CO-OH-CH4 cycle and photochemistry involving nitrogen oxides and hydrocarbons during the transport of the air mass. For instance, because of the observed high CO, the interaction of the CO-OH-CH4 cycle [Sze, 1977] will shift OH into Ha2 (i.e. elevating Ha2 relative to OH via the cycle). The reaction of Ha2 with NO followed by photolysis of NO2 will produce atomic oxygen, which readily coinbines with molecular oxygen to form ozone [Liu et al. 1987 ]. Also, note that suppression of OH by high CO will elevate or free up more NOx (NO+NO2) because of less available OH for converting NO2 into the more inert form HNO3. One possible ozone production sequence can be Note that the trajectories showed that the ozone-rich air masses did traverse the regions of widespread smoke pixels because of the fires or in their close proximity before arriving in Hong Kong (Plate 3). These regions included the surroundings of Kalimantan and Sumatra, the Malaysia peninsula, the SE Asian subcontinent and the South China Sea. The air mass was also subject to substantial vertical motion in the 1-3 days before reaching Hong Kong in December. Thus it is reasonable to assume that the pollutants from biomass burning in the Indonesian fires were transported to Hong Kong following the air mass trajectories. The trajectories of the air masses strongly affected the occurrence of ozone enhancement. For example, the ozone profile on August 13 (Figure 5a ) did not show many ozone enhancements in the troposphere even though fires had been detected in the Indonesian region. On examining the trajectories on this day we found that the air masses over the troposphere over Hong Kong mainly originated from the Asian continent. Figure 5b shows the two typical trajectories at 500 (5.9 km) and 250 hPa (11.0 km). They did not traverse .through the SE Asia region of active fires and smoke (Plate 2 and 3). The air mass was thus not affected by the biomass burning emissions, and there was no enhancement of ozone. The ozone profiles of October 16 and December 3 also did not show ozone enhancement at the lower troposphere and boundary layer (< 4.0 km). This is because at these levels, the air mass flow is governed by the Asian monsoon system, which results in the outflow from the Asian continent and east Asian coast [Cha net al., 1998a, 1998b] .
Ozone Enhancement, Radiative Forcing, and Temperature Change
One of the interesting questions about the large-scale Indonesian forest fires is how the climate system responds to the associated ozone enhancement. Changes in the distribution and amount of ozone in the troposphere are expected to affect the surface-troposphere system through spatial and temporal changes in the flux of radiative energy into and out of the system [Granier et al., 1999] . The impact is difficult to quantify, as it is largely dependent on complex feedback processes. It is more straightforward to calculate the radiative forcing. This quantity is defined as the response in the net radiative energy flux at the tropopause to the changes in the concentration of a radiative gas. 
Conclusion
In this study, we showed that the large-scale Indonesian 
